illness: Montevideo [7, 8] , Anatum [9] , Muenster [10] , Mbandaka [7] , Agona [11] , Cerro [12, 13] , Meleagridis [14] , Typhimurium [15] [16] [17] , Dublin [18, 19] and Kentucky [20, 21] .
Bacteria may resist antimicrobials by using a number of mechanisms, including (i) alteration of the antimicrobial agent, (ii) mutation of the target site, (iii) decreased accessibility to the target through decreased uptake or increased efflux, and (iv) implementation of alternative metabolic pathways not affected by the drug or by acquisition of drug-sensitive enzymes [22] . In the case of disinfectants, the low permeability of the cell wall or decreased accessibility to the target due to active efflux mechanisms can reduce the efficacy of the disinfectant [23] . Genes that confer resistance to disinfectants may be linked to antimicrobial resistance (AMR) genes due to their proximity on mobile genetic elements such as plasmids, transposons or integrons. In these cases, acquisition of the genetic elements may confer resistance to unrelated antimicrobial agents and to other chemical disinfectants.
The strategies to control pathogens must be comprehensive, following food products from the farm to the table [24] . Bacteria in the food chain continuum are controlled by strategies that include the use of biocides as antiseptics and disinfectants (see our paper on interactions of organic acids with Salmonella [25] ). Disinfectants are chemicals that inhibit or kill a broad-spectrum of microorganisms [26] , often contain a variety of active ingredients, and are routinely used in animal production, veterinary medicine, the food processing industry, human medicine, restaurants, and consumers' homes [27] . Bacteria may be exposed to disinfectant concentrations lower than that required to deliver a lethal insult [28] . Lower levels of disinfectants can influence the formation of biofilms and antimicrobial resistance (AMR) [29] . Increased multidrug-resistant pathogens are a concern in both human and veterinary medicine [30, 31] , and reports suggest there is increasing bacterial resistance to biocides [32, 33] . Biocide use also has resulted in cross-resistance to antimicrobials [34] [35] [36] [37] [38] .
Since there is limited information available on disinfectant susceptibility in food pathogens, our laboratory has evaluated the susceptibility of various foodborne pathogens to a large variety of disinfectants. This study characterized the antimicrobial and disinfectant susceptibility profiles among the Salmonella enterica strains isolated from water-sprinkled cattle at a commercial feedlot. The objectives were to evaluate the AMR and disinfectant susceptibility of these cattle hide and feces strains, and to establish a base understanding of the effects of 21 disinfectants/disinfectant components on Salmonella and if there is cross-resistance between the antibiotics and disinfectants.
Materials and Methods

Salmonella enterica serovars
Salmonella enterica serovars Kentucky (20) , Meleagridis (7) and Muenster (19) were isolated from the feces and serovars Anatum (1), Cerro (9), Gaminara (1), Kentucky (45), Meleagridis (13) and Muenster (30) were isolated from the hides of Charolais-crossbred heifers at a commercial feedlot in Lockney, TX [39] . Salmonella strains were stored in glycerol and TSB at -80 °C until used. All cultures were grown at 37 °C.
Antimicrobial susceptibility testing
Minimum inhibitory concentrations (MICs) for antimicrobials were determined by broth microdilution according to the Clinical and Laboratory Standards Institute (CLSI) [40, 41] . MICs were determined as the lowest concentration of a compound that showed no visible growth of the organism [42] . Antimicrobial MICs were obtained using the National Antimicrobial Resistance Monitoring System (NARMS) Gram-negative plates (CMV1AGNF) and the Sensititre fluoroquinolone plates (CMV1DW) during 2006 and the isolates were stored at -80 °C until the disinfectant susceptibilities were conducted. Demineralized water (5 mL), cation-adjusted Mueller-Hinton broth (MHB) with TES (Tris, EDTA, and NaCl, pH 8) (11 mL) and dose heads (#E3010) (Remel Inc., Lenexa, KS, USA) were all obtained through Thermo Fisher Scientific (Hanover Park, IL, USA). MICs of the following 16 antimicrobials, amikacin (AMI), ampicillin (AMP), amoxicillin/clavulanic acid (AUG), cefoxitin (FOX), ceftiofur (XNL), ceftriaxone (AXO), cephalothin (CEP), chloramphenicol (CHL), ciprofloxacin (CIP), gentamicin (GEN), kanamycin (KAN), nalidixic acid (NAL), streptomycin (STR), sulfamethoxazole (SMX), tetracycline (TET) and trimethoprim/sulfamethoxazole (SXT), and 8 fluoroquinolones, ciprofloxacin (CIP), danofloxacin (DANO), difloxacin (DIF), enrofloxacin (ENRO), gatifloxacin (GAT), levofloxacin (LEVO), marbofloxacin (MARB) and orbifloxacin (ORB) were determined using the Sensititre susceptibility system according to the manufacturer's instructions (Trek Diagnostic Systems Inc., Independence, OH, USA). For those drugs that lacked specific interpretive criteria, CLSI breakpoints for Enterobacteriaceae were used [43] . E. coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853 were used as controls for antimicrobial susceptibility testing.
Disinfectant susceptibility testing
Fifteen disinfectants and six disinfectant components were tested in this study: their abbreviations, recommendations for use, and sources are listed in Table 1 mixtures of several disinfectant components, the MICs for these disinfectants were determined on the composite mixtures. We used the susceptible/resistant criteria of Heath and Rock [44] for triclosan, bacteria with MICs < 0.5 µg/mL were susceptible, and MICs > 2 µg/mL were resistant. For chlorhexidine, a cell morphology study of the effect of chlorhexidine on both Gram-positive and Gram-negative bacteria had very similar results for both types of bacteria [45] . Therefore, the breakpoint defined for staphylococci resistance by Leelaporn et al. [46] was used, such that bacteria with MICs ≥ 1 µg/mL chlorhexidine were resistant. The criteria for resistance for benzalkonium chloride was that used for Gramnegative bacteria by Sidhu et al. [47] , bacteria with MICs < 30 µg/mL were susceptible, with MICs from 30 to 50 µg/mL had low-level resistance, and bacteria with MICs > 50 µg/mL were resistant.
The disinfectants and disinfectant components were diluted with RO H 2 O to make working solutions and then filter sterilized using a 0.2 µm × 25 mm syringe filter (No. 431224, Corning Inc., Corning, NY, USA). DMSO was added to some disinfectants allowing solutions to be produced that were more concentrated than when only RO H 2 O was used as the diluent. DMSO was added to triclosan (% DMSO a DDAC is the common abbreviation for didecyldimethylammonium chloride, but we use C10AC to reflect the carbon chain length and that no benzyl groups are attached to this ammonium chloride.
The following concentrations of disinfectants and components were tested: BKC, 0.25-256 µg/mL; CDEAB,.25-256 µg/mL; Chlor, 0.06-64 µg/mL; CPB, 0.25-256 µg/mL; CPC, 0.25-256 µg/mL; CTAB, 0.25-256 µg/mL; C10AC, 0.06-64 µg/mL; C12BAC, 0.25-256 µg/mL; C14BAC, 0.125-128 µg/mL; C16BAC, 0.125-128 µg/mL; DC&R, 1-1,024 µg/mL; formaldehyde, 2-2,048 µg/mL; FSS, 0.125-128 µg/mL; FS512, 0.125-128 µg/mL; F25, 0.125-128 µg/mL; OdoBan, 0.25-256 µg/mL; P-I, 32-32,768 µg/mL; P-128, 0.06-64 µg/mL; Tek-Trol, 0.5-512 µg/mL; THN, 4-4, 096 µg/mL; and triclosan, 0.004-4 µg/mL.
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Beier et al. = 1.1%), C14BAC (1%), C16BAC (3%), THN (5%), CPB (7.5%) and CTAB (10%) to aid chemical solubility. The amount of DMSO in the final assays did not exceed 5%. The method used for disinfectant susceptibility determination was similar to that used for disinfectant susceptibility testing of vancomycin-resistant Enterococcus faecium (VRE) from community wastewater [27] , beta hemolytic E. coli from neonatal swine [36] , P. aeruginosa from veterinary isolates [48] , E. coli O157:H7 from cattle carcasses, feces, and hides, and ground beef [49] , non-O157 STECs [50] , and Salmonella from turkeys [51] . E. coli ATCC 25922 was used as control for disinfectant susceptibility testing, and the concentrations of disinfectants tested can be found in Table 1 . Table 2 shows the AMR profiles among 145 Salmonella strains obtained from water-sprinkled cattle by providing the MIC 50 , MIC 90 , the antimicrobial range tested, the number of organisms resistant and the breakpoints for the antimicrobials tested. Overall, a low prevalence of AMR was observed in the 145 Salmonella strains; resistance was primarily observed to streptomycin (29.7%) and sulfamethoxazole (8.3%). Two strains were resistant to cefoxitin and one strain was resistant to amoxicillin/clavulanic acid and ceftiofur. Table 3 shows the AMR profiles among the 6 different Salmonella serovars isolated from water-sprinkled cattle. Strains of serovar Cerro from hides had resistance to streptomycin (11.1%) and sulfamethoxazole (44.4%). Strains of serovar Kentucky from hides and feces had resistance to streptomycin of 71.1 and 90.0%, respectively. Strains of serovar Muenster from hides and feces had resistance to sulfamethoxazole of 13.3 and 10.5%, respectively. Also, a single strain of serovar Meleagridis from cattle hide was resistant to both amoxicillin/clavulanic acid and ceftiofur. All 145 Salmonella strains were susceptible (data not shown) to the fluoroquinolone antibiotics, ciprofloxacin, danofloxacin, difloxacin, enrofloxacin, gatifloxacin, levofloxacin, marbofloxacin and orbifloxacin. A Muenster strain had the highest fluoroquinolone antibiotic MIC recorded, a difloxacin MIC of 0.5 µg/mL.
Results
Antimicrobial resistance
Salmonella serovar resistance traits
The most common resistance traits found among the Salmonella serovars are shown in Table 3 . There was no resistance traits found in the one Anatum strain or the one Gaminara strain from cattle hides or in the 7 strains of Meleagridis from cattle feces. But the resistance trait of amoxicillin/ clavulanic acid-ceftiofur and cefoxitin was each observed in 1 of 13 Meleagridis strains from hides. The resistance trait of sulfamethoxazole was found in 2 of 9 Muenster strains from feces. Sulfamethoxazole was also the trait found in 4 of 30 Muenster strains and 4 of 9 Cerro strains from hides. Serovar Kentucky had the most prevalence of resistance with the trait of streptomycin in 32 of 45 strains (71%) from hides and 18 (Table S1 ), Cerro (Table S2) , Gaminara (Table S3) , Kentucky (Table S4) , Meleagridis (Table S5) and Muenster (Table S6) , and the following SM tables show the individual AMR profiles of the animal feces strains in Salmonella serovars Kentucky (Table S7) , Meleagridis (Table S8) and Muenster (Table S9) . Table 4 shows the overall MIC distribution profiles of the 145 Salmonella enterica strains for the disinfectants and disinfectant components tested. All 145 Salmonella strains were susceptible to triclosan [44] . All Salmonella strains were resistant to chlorhexidine [46] . We see that C10AC, chlorhexidine and triclosan have the lowest Salmonella MIC values. Out of the 145 strains tested, 40 (27.6%) had low-level resistance (MIC = 32 µg/mL) and 1 (0.69%) was resistant to benzalkonium chloride [47] . The highest MICs observed were for providone-iodine, these being 2,048 (2 strains), 4,096 (117 strains) and 8,192 µg/mL (26 strains). The next lower level of observed MICs was for DC&R, Tek-Trol and THN from 64-512 µg/mL. The next level of MICs were primarily observed between 8 and 64 µg/mL and included many of the disinfectants and disinfectant components including BKC, FSS, F25, FS512, OdoBan, CPB, CPC, CDEAB, CTAB, C12BAC, C14BAC, C16BAC and formaldehyde. The following SM tables show the disinfectant susceptibility profiles of the individual Salmonella hide strains in serovar Anatum (Table S10) , Cerro (Table S11) , Gaminara (Table  S12) , Kentucky (Table S13) , Meleagridis (Table S14) and Muenster (Table S15) , and the following SM tables show the disinfectant susceptibility profiles of the individual Salmonella feces strains in serovar Kentucky (Table S16) , Meleagridis (Table S17) and Muenster (Table S18 ). 
Disinfectant susceptibility
Calculation of DC&R component MICs
The MIC of the individual active components of DC&R can be calculated by multiplying the DC&R MICs by the component of interest percentage and dividing by the sum of all the active component percentages in DC&R [51] . For example, to calculate the MIC of the BAC component (where the BAC component is primarily a composite of C12BAC, C14BAC and C16BAC) in DC&R would be the following: for a DC&R MIC = 64 µg/mL ( 
Calculation of P-128 component MICs
The MIC of the individual components of P-128 can be calculated similarly to the DC&R components above (Table 4) were 0.8, 1.6 and 3.2 µg/mL, respectively. Using a similar calculation, the Salmonella strains C10AC P-128 component MICs were 1.2, 2.4 and 4.8 µg/mL, respectively.
Discussion
Antimicrobial resistance A low prevalence of AMR was observed in the 145 Salmonella strains. Resistance was observed only to streptomycin and sulfamethoxazole and to various β-lactams, amoxicillin/ clavulanic acid, ceftiofur and cefoxitin. One Cerro strain from hide was resistant to streptomycin and sulfamethoxazole. One Kentucky strain from hides and one from feces was resistant to streptomycin and sulfamethoxazole. Also, one Meleagridis strain from hide was resistant to amoxicillin/clavulanic acid and cefoxitin. The rest of the observed resistance in Salmonella Step 512 Sanitizer; FSS, Food Service Sanitizer; F25, F-25 Sanitizer; P-I, providone-iodine; C10AC, didecyldimethylammonium chloride; C12BAC, benzyldimethyldodecylammonium chloride; C14BAC, benzyldimethyltetradecylammonium chloride; C16BAC, benzyldimethylhexadecylammonium chloride; and THN, tris(hydroxylmethyl)nitromethane. b Number of strains at this MIC.
c These entries are disinfectant components. Leelaporn et al. [46] was used, such that MICs ≥ 1 µg/mL were resistant. b No observed strains.
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strains was due to single antibiotics. All strains were susceptible to the 8 fluoroquinolone antibiotics tested. The Salmonella tested here tended to have slightly higher MICs for difloxacin than for the other fluoroquinolone antibiotics. That is a similar result as what we observed when evaluating the disinfectant and antibiotic susceptibilities of Salmonella serovars from turkeys in commercial plants [51] .
Antimicrobial resistance among individual Salmonella serovars
The serovar Kentucky, either from hides or feces had the highest prevalence of AMR in this study. The prevalence of resistance observed in Kentucky was followed by the prevalence of resistance observed in serovar Cerro and then Muenster. The most common AMR trait observed was streptomycin resistance in Kentucky, sulfamethoxazole resistance in Muenster and Cerro and amoxicillin/clavulanic acid-ceftiofur resistance in serovar Meleagridis.
Disinfectant susceptibility
The Salmonella strains were more resistant to the disinfectants P-I, DC&R and Tek-Trol and the disinfectant component THN than to the other disinfectants or disinfectant components tested, chlorhexidine, triclosan, P-128, BKC, FSS, F25, FS512, OdoBan, CPB, CPC, CDEAB, CTAB, C10AC, C12BAC, C14BAC, C16BAC and formaldehyde. This is a similar result as observed with ten different Salmonella serovars isolated from turkeys [51] . However, the BACs demonstrated much higher MIC M s than did C10AC. Suggesting, the benzyl compounds are less active at inhibiting Salmonella than is C10AC. We found the formaldehyde activity against Salmonella to be similar to that of the benzyl ammonium compounds and formulations containing benzyl amines, as well as the pyridinium bromides. But lower levels of formaldehyde or the benzyl compounds were not effective. This is in agreement with a study of a S. enterica serovar Enteritidis field isolate [52] . All 145 Salmonella strains were susceptible to triclosan. Triclosan acts by inhibiting a highly conserved enzyme enol-ACP reductase of bacterial fattyacid biosynthesis [44] . Previously, cross-resistance between antibacterial agents and triclosan in Salmonella Typhimurium strains was observed [53] . But we did not see cross-resistance between antibiotics and triclosan in Salmonella strains from turkeys [51] , nor did we see cross-resistance occurring in this study. Of the different bacteria that we have studied to date, both VRE [27] and P. aeruginosa [48] were the only bacteria shown to be resistant to triclosan. The highest measured MICs were for P-I. The manufacturer of P-I recommends an application rate of 100,000 µg/mL solution to be applied directly on wound surfaces. The recommended application solution would be in about a 12-to 95-fold excess over that required for disinfection of the Salmonella serovars tested here.
All Salmonella strains were resistant to chlorhexidine. The highest chlorhexidine MIC values were observed in serovars Kentucky and Muenster from both hide and feces samples. The chlorhexidine MIC values observed here were similar to those observed for Salmonella from turkeys [51] . However, higher chlorhexidine MIC values were previously observed for Salmonella (2-64 µg/mL) isolated from broilers, cattle, and pig feces [54] . The highest MIC level observed here was in the range of levels previously observed in clinical Salmonella Typhimurium (8-16 µg/mL) isolates [55] . But the MIC values for chlorhexidine were lower than many disinfectants, which was in agreement with a study of a S. enterica serovar Enteritidis isolate [52] .
DC&R is made up of a number of active components, and an interesting relationship exists for the contribution of these components compared to the observed MICs. The MICs of each individual component was calculated and the main active component in DC&R was determined. The calculated THN DC&R MICs and Form DC&R MICs were lower than required for disinfection. But the calculated BAC DC&R MICs were identical to those required for disinfection of the Salmonella strains. Therefore, the active principle component in DC&R against Salmonella is the BAC component. This result is similar to those previously reported for DC&R activity against other bacteria [27, [48] [49] [50] [51] , and suggests that THN and Form are not useful in DC&R for disinfection of pathogenic VRE [27] , P. aeruginosa [48] , E. coli O157:H7 [49] , non-O157 STECs [50] and Salmonella isolated from turkeys [51] or here from cattle. The manufactures application rates for DC&R and Tek-Trol are 1,919 and 1,016 µg/ml, respectively, and the observed MICs for DC&R and Tek-Trol were below these application rates. However, observed MICs were very close to the suggested application rates, thus a small change in the disinfectant dilution, either by mistake in dilution preparation or with inadvertent liquid being present in the application area, could easily render these disinfectants non-functional.
Similarly, the individual concentrations of active components in P-128 Salmonella MICs were calculated. The P-128 active components are comprised of the BACs and C10AC. Here the calculated BAC P-128 component concentrations are below the levels required for disinfection of the Salmonella serovars. The C10AC P-128 component concentration is slightly lower than shown for all Salmonella strains; however, most of the strains would be disinfected using the calculated C10AC P-128 component concentrations. Therefore, the P-128 activity against Salmonella can be attributed to the C10AC component, which was shown to be the primary active component in P-128 in all previous studies [27, [48] [49] [50] [51] . C10AC is referred to in the literature as DDAC and is a common component in many disinfectants. DDAC (C10AC) significantly impaired reproductive health in mice [56, 57] . The BAC component in P-128 is not required for disinfection activity of P-128 in Salmonella from cattle and turkeys [51] as well as VRE [27] , P. aeruginosa [48] , E. coli O157:H7 [49] and non-O157 STECs [50] .
The disinfectants FSS, F25, FS512 and OdoBan are largely made up of BAC components, and the observed results of these disinfectants are very similar to those for the individual BACs. The Salmonella MICs for BKC, CPB, CPC, CDEAB and CTAB also are similar to those for C12BAC. But to appropriately compare the BACs or other disinfectants, one must transform their MICs into molar MICs (MIC M s). Therefore, C14BAC and C16BAC are more active here as a disinfectant than C12BAC in Salmonella from cattle, turkeys [51] , and in VRE [27] , P. aeruginosa [48] , E. coli O157:H7 [49] and non-O157 STECS [50] . Of this group of disinfectants or components, benzalkonium chloride shows the highest MIC M s in Salmonella.
Conclusion
A low prevalence of AMR was found in Salmonella from feedlot water-sprinkled cattle. Therefore, feedlot watersprinkled cattle here were not a source of multidrug resistant Salmonella. Most common observed AMR traits were streptomycin in Kentucky, sulfamethoxazole in Muenster and Cerro and amoxicillin/clavulonic acid-ceftiofur in serovar Meleagridis. All Salmonella strains were susceptible to triclosan. The BACs or benzyl ammonium chlorides C12, C14 and C16 were the most active ingredient in the disinfectant DC&R. The BACs C14BAC and C16BAC were more active than C12BAC. Didecyldimethyl ammonium chloride (C10AC) was the most active ingredient in P-128, and C10AC has been the most active ammonium chloride in all our previous studies. No cross-resistance was observed. All manufacturer recommended application levels for disinfectants were above the observed MICs. However, MICs for DC&R and Tek-Trol were close to the suggested application rates and a small change in the disinfectant dilution could easily render these disinfectants non-functional. The use of THN and formaldehyde in DC&R is questionable because these components in DC&R are not effective against Salmonella, and their inclusion results in unwanted chemicals in the environment and may increase the production of resistance in bacteria.
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